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Glacial Landforms and their Chronology in the 
 Vicinity of the Shiptong Pass, South of the 
       Barun Khola, Eastern Nepal
Hiroshi YAGI* and Mutsuhiko MINAKI**
Abstract Moraine complexes in the vicinity of the Shiptong Pass, eastern part of the 
Nepal Himalayas, were subdivided into four stages in consideration of preservation of 
original topography, altitude of occurrence, scale of glacier advance, soil and vegeta-
tion cover and geographic position. Those are the Mathi Kopi La, Kopi La, Thulo 
Pokhari and Numbukk stages from younger to older. Based on radiocarbon ages of 
the cirque lake sediment collected from Thulo Pokhari and the previous chronological 
studies in the Nepal Himalaya, the Mathi Kopi La and Kopi La stages are correlated 
to Neoglaciation in the Holocene, the Thulo Pokhari and Numbukk stages are 
correlated to the late substage in the Last Glacial age of ca. 18 ka and the early 
substage in the Last Glacial age, respectively. 
Key  words  : Last Glacial age, Nepal Himalayas, moraine, "C dates
1 Introduction 
   Glacier fluctuation during Late Pleistocene time in the Nepal Himalayas have 
been investigated through the chronological study of glacial landforms such as 
moraines of the Late Quaternary in the Khumbu, Langtang and Thakkhola areas 
(Iwata  1976  ; Iwata  1984a  ; Iwata et al.  1982  ; Ono  1983  ; Nagaoka et al. 1990). The 
previous studies have revealed that four major glacier advanced stages in the Late 
Pleistocene and the Holocene are widely recognized in those areas, although the stages 
in the Holocene are subdivided into several substages according to small-scale local 
variation of glacier in each area. The earliest and the second stages correspond with 
the early substage of 50 to 40 ka (1  ka  =1,000 yr B.P.) and the late substage of ca 18 ka 
in the Last Glacial age respect-ively, and the others are correlated to the Neoglaciation 
and the Little Ice age. Glaciers at the substage of 50 to 40 ka extended most down-
stream from present glacial termini in the Late Pleistocene, and the magnitude of 
glacial advance at the subsequent stages were smaller than that at the earliest stage.
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In the Khumbu area, terminal moraines formed on and after the late substage in the 
Last Glacial age through the Holocene are distributed at a height of 4,000 to 4,600 m 
a.s.l. (Nagaoka et  al. 1990). 
   Indices available for chronology in those studies were as follows, freshness of 
landform, degree of weathering of till gravel, degree of plant cover, existence of buried 
soil, relative position between moraines and the present glaciers and a sequence of 
geomorphic development in each area. A few moraines of late Holocene age were 
dated by radiocarbon method in the Nepal Himalayas. Paleo-magnetic analysis was 
also chosen for chronological study of glaciers in the Thakkhola area and dated the 
early substage in the Last Glacial to 40-50 ka (Iwata et  al. 1982). However, most of 
those studies were based on relative age, considered from ages and the indices at each 
glacier advanced stage in other regions. Particularly glacial landforms correlated to 
the late substage in the Last Glacial age were not dated by any radiometric method 
even in the Thakkhola and Khumbu areas. 
   In this study, the authors classify glacial landforms in the vicinity of the Shiptong 
Pass, eastern part of the Nepal Himalayas. They furthermore discuss chronology of 
them on the basis of radiometric ages of cirque lake deposits which presumably 
developed just after the late substage in the Last Glacial age. Knowledge of the 
previous studies based on relative dating in the Himalayan regions also incorporated 
in the present discussion.
2 Study Area 
   A mountains zone rising to an altitude of about 5,000 meters a.s.l. lies along 
southern outskirts of the Great Himalayan Range over 8,000 meters a.s.l. The 
Shiptong Pass is on one of trails which cross over such advance-guard mountains of 
the Great Himalayas neighboring on the Khumbu area to the west (Fig. 1). The 
mountain ridge crossing the Shiptong Pass forms the watershed between the Barun 
Khola (Khola means a river in Nepali) and the Irkhuwa Khola that flow from glaciers 
originated on the southern flank of the Himalayan Giants. Present valley glaciers and 
wide glacial troughs without present-day glacier are recognized both along the Barun 
Khola and the Irkhuwa Khola (Fig. 2). Altitude of termini of the former are  ca. 4,600 
meters a.s.l. and those of the latter are ca. 3,000 meters a.s.l. No glacier exists in the 
vicinity of the Shiptong Pass at present because its altitude is lower than that of the 
present firn line. However, there develop various types of glacial landforms such as 
U-shaped valleys, cirques, glacial valley steps, glacial knobs (whaleback), moraines 
and fossil blockstream, and those are distinct higher in a zone than 3,500 meters a.s.l. 
(Fig. 2). The Thulo Pokhari Lake (alt.  ca. 4,000 m) that shows the most impressive 
view in this area is also situated in a cirque. Those glacial landforms are able to be
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Topography in the vicinity of the Shiptong Pass.
morphostratigraphically classified into several levels. They imply that mountain 
glacier grew and advanced several times also in this area from the Last Glacial age. 
Therefore, it is an issue of geomorphological interest to correlate glacial landforms 
occurring with several levels in the vicinity of the Shiptong Pass to those in other 
Himalayan areas. 
   For this purpose, the authors carried out a field survey in August 1990, using a 
preliminary geomorphological map which was made by interpretation of 1/40,000 
aerial photo and Indian one inch/one mile topographic maps.
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3 Glacial landforms in the vicinity of the Shiptong Pass 
   Moraine complexes in the study area are divided into four stages, considering 
from preservation of original topography, soil and vegetation cover, and geographic 
position. Those are the Mathi Kopi La, Kopi La, Thulo Pokhari and Numbukk stages 
in ascending order. Samples for radiocarbon dating were collected from lake deposit 
of the Thulo Pokhari.
3.1. Mathi Kopi La Stage 
   Lateral moraine complexes of which relative height are less than five meters are 
distributed along a glacial valley upstream of Kopi La Kharka higher than 4,200 meters 
 a.s.l. (Fig. 3). Topography of their ridges is well preserved. Black to dark brown soil 
less than 10 cm thick and herbaceous plants cover the surface of the moraine. A 
buried soil layer also occurs at Loc. 2 of 4,400 meters in an elevation (Fig. 4). Fossil 
blockstream without vegetation cover on the surface are distributed inside the 
moraines (Plate 1). 
   Other moraine complexes of probably the same stage are observed in an unnamed 
Kharka (alt. ca. 4,150 meters) neighboring to the east of Chading Kharka.
3.2. Kopi La Stage 
   A terminal moraine is situated along valley slope at an outlet from Kopi La 
Kharka (alt.  ca. 4,150 meters) that is a hanging valley neighboring on the Thulo 
Pokhari to the west (Fig. 3, Plate 2). This moraine overlies the lateral moraine of the 
Thulo Pokhari stage at the foot of the valley wall at an altitude of 3,900 meters 
downstream of the Thulo Pokhari. 
   A lateral moraine also occurs upstream of Cha Ding Kharka (Plate 3). The 
moraines are distinct on the back slopes of rock basins. Thickness of black to dark 
brown soil is 8 to 12 centimeters, which overlies dull brown till stained by humus more 
than 30 centimeters thick. The moraines in this stage are covered with shrub and 
herbaceous plants up to 80 centimeters tall. Fossil blockstreams sparsely covered 
with shrubs are distributed inside the moraines.
3.3.  Thulo Pokhari Stage 
   A lateral moraine of which relative height is 5 to 8 meters is located along the 
right bank of an outlet from the Thulo Pokhari on the bottom of wide U-shaped valley 
(Fig. 3, Plate 4). 
   Lateral moraines also occur on the bottom of the wide early-stage U-shaped 
valley downstream of Cha Ding Kharka. The moraines terminate at an altitude of 
3,600 m near Numbukk. Those relative height are 10 to 15 meters. The ridges of the
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  Fig. 3 Geomorphological map in the vicinity of the Shiptong Pass. Locs. 1 to 8 are the 
     pits for the columnar sections in Fig. 4.
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 Fig. 4 Columnar sections of the deposits on the moraines.
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       Plate 1. Fossil blockstream at the Mathi Kopi La stage.
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Plate 2 Moraine complexes at the outlet of Kopi La Kharka 
 KPL  ; moraine at the Kopi La stage, THP  ; moraine at the Thulo Pokhari stage.
moraines are rounded. 
   Those moraines at the Thulo Pokhari stage are covered with dense shrub vegeta-
tion composed of Rhododendron up to 2 meters tall. Till consists of unsorted  suban-
gular gravel, 3 to 18 centimeters in major axis, which is filled up with light brown to 
gray fine sand and silt. Boulder of 40 to 50 centimeters in major axis occurs some-
times. Black to dark brown soil of 10 to 22 centimeters thick overlies the till at this 
stage. Buried soil layers are also observed at some points (Fig. 4). Dull brown till of 
30 to 40 centimeters in thickness is also observed under the black soil (Fig. 4). 
   Humic lake sediments were collected at Loc. 8 beside the Thulo Pokhari (Figs. 3 
and 4). The sediments overlie a cirque formed at the Thulo Pokhari stage. Some of 
them were dated back to  11,800+60 yr B.P. (TK-843) and  11,000+60 yr B.P. (TK-844) 
at the lowest horizon (Minaki and Suzuki 1989). 
   Along a tributary valley of the Barun Khola beyond Cha Ding Kharka to the west, 
terminal moraine complexes are also recognized at an elevation of ca. 3,750 meters.
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 Plate 3 Lateral moraine and fossil blockstream at the Kopi La stage  backslope of Cha 
   Ding Kharka.
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                                Thulo Pokhari 
                                    Plate  .4. Lateral moraine at the outlet  of the Thula 
 THP  ; moraine at the Thulo Pokhari stage
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They are presumably correlated to those of the Thulo Pokhari stage because of their 
distribution height and scale.
3.4. Numbukk Stage 
   Wide U-shaped valleys and lateral moraines distinctly occur along the Barun 
Khola and the Irkhuwa Khola higher than 3,000 meters  a.s.1.. Relative height of the 
top of the lateral moraine from the valley bottom is around 200 meters. However, 
their original topographic features have not been kept as a result of collapse, forming 
steep  footslope like talus. A coniferous (Abies spectabilis) forest covers the surface of 
the till lower than 3,600 meters a.s.l. at present. There also develop wide U-shaped 
valleys along tributary valleys of the Barun Khola and the Irkhuwa Khola, in the 
vicinity of the Shiptong Pass (Fig. 3). Cha Ding Kharka (alt. ca. 4,000 meters) is one of 
rock basins on glacial valley steps formed along the U-shaped valley. A lateral 
moraine but which does not show original topographic features occurs along the foot 
of the wide U-shaped valley wall from Tutu La to Numbukk via Cha Ding Kharka 
(Plate 5) and it joins to that along the Barun Khola. Its relative height is 200 meters 
at the confluence (alt. ca. 3,100 meters) and 150 meters at Chading Kharka. Till more 
than 30 meters thick of the Numbukk stage occurs upstream of Numbukk at an 
altitude of 3,700 meters. It mainly consists of unsorted angular to subangular gravel, 
7 to 14 centimeters in major axis, filled up with light brown to light gray silt, and it
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   Plate 5. Moraine complexes near  Numbukk, 
      NBK  ; moraine at the Numbukkstage.
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4 Chronology 
   In the Khumbu area, buried soil layers occur on surfaces of moraines which had 
been formed before 5,000 yr B.P. (Nagaoka et al. 1990). Fossil soil is also observed on 
the surfaces of moraine of both the Mathi Kopi La and Kopi La stages in the study 
area. The authors correlate the Mathi Kopi La and Kopi La stages with substages of 
Neoglaciation that were observed around the Ngojunba Glacier in the Khumbu area 
(Nagaoka et al. 1990), considering the age of the Thulo Pokhari stage in the area, 
which will be mentioned below. Glacier advance at the Mathi Kopi La stage occurred 
in the place higher than 4,200 meters in an altitude. The advance is of the smallest 
scale. 
   Two radiocarbon ages of humic lake sediment collected from the Thulo Pokhari 
represent the upper limit of the age of cirque formation in the Thulo Pokhari stage. 
Cirque glaciers covered the Thulo Pokhari, Kopi La Kharka and small-scale valley 
glaciers flew through Cha Ding Kharka downstream to an elevation of  ca. 3,600 meters 
a.s.l. near Numbukk and both of which had disappeared before  ca. 12 ka. No moraine 
remnant occurs outside the moraine at this stage on the bottom of the U-shaped valley 
around the Thulo Pokhari. Therefore, the Thulo Pokhari stage corresponds with the 
late substage of  ca. 18 ka in the Last Glacial age. Glacier at the Thulo Pokhari stage
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Fig. 5 A correlation of glacier advanced stages in Nepal  Himalayas.
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advanced as lower as  ca. 3,600 meters a.s.l. 
   Wide U-shaped valleys and lateral moraines along the Barun Khola, the Irkhuwa 
Khola and their tributary valleys that developed at the Numbukk stage are distributed 
as lower as 3,000 meters in an altitude. Relative height of the lateral moraines were 
up to 200 meters. Those facts imply that the valley glaciers at the Numbukk stage 
advanced downstream most and were the largest in scale among four stages that 
occurred in the vicinity of the Shiptong Pass. Comparing such sequence of geomor-
phological development in this study area with that of other regions, the Numbukk 
stage is correlated to the early substage in the Last Glacial age. During the early 
substage, the Shiptong Pass must have been presumably wholly covered by a huge 
glacier such as ice cap except some horns. Glacial knobs widely distributed on a 
gentle slope to the north of the Shiptong Pass (Fig. 3) had been coincidentally formed 
beneath the bottom of the overlying ice cap. 
   A correlation of glacier advanced stages in this area to those in other Nepal 
Himalayan areas is shown in Fig. 5, modified a correlation by Iwata (1984b).
5 Concluding Remarks 
   During the Last Glacial age, there were two substages of glacier advance in this 
study area. The early one is the Numbukk stage and the late one is the Thulo 
Pokhari stage. Age of the late one is presumably  ca. 18 ka based on radiocarbon age 
of lake sediment collected from the Thulo Pokhari. Cirque glaciers were dominant in 
the Thulo Pokhari stage, though valley glaciers were predominant in the Numbukk 
stage. 
   Small scale cirque glaciers just below main ridges were formed in the Kopi La 
stage and the Mathi Kopi La stage in the Holocene. Those were the last advances of 
glacier in the Shiptong Pass area. 
   Glacial landform developed before the Last Interglacial age has not been observed 
in the vicinity of the Shiptong Pass. However, subdued surfaces remain fragmentarily 
at an altitude of 2,700 meters downstream of the U-shaped valley of the Numbukk 
stage along the Irkhuwa Khola and the Barun Khola. Those were presumably 
developed in a glaciation period before the Last Interglacial age. A study covering 
wider area is necessary in future.
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